Similarly, fusion of a secretory protein signal sequence allows expression of the Fc fragment of human IgG1 in COS-1 cells in a secretory form (8) . Different vectors have been designed for expression of secretory proteins. Some require co-transfection of a second vector containing a reporter gene (5) . Others produce fusion proteins that in many cases impair normal activity of the protein of interest and necessitate laborious proteolytic cleavage protocols after production (9) .
We describe the design of a new expression vector for secretory proteins that eliminates some of the foregoing difficulties. To illustrate the strategy, we describe experiments using a construct containing bacterial RNase H as a reporter gene fused in-frame to progelatinase A, with a 30-bp furin substrate of stromelysin 3 sandwiched between them. Bacterial RNase H served as reporter gene for the transfection because its detection entails a simple and sensitive assay, and it is not expected to be secreted under normal conditions into the extracellular compartment. Also, the furin substrate sequence insertion between the gene of interest (gelatinase A) and the reporter gene (RNase H) renders the two genes to be secreted in separate forms with no need to further process the gene of interest.
Gelatinase A-furin substrate-bacterial RNase H (GFR; Figure 1 ) was constructed using polymerase chain reaction (PCR) in several steps.
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First, full-length gelatinase A containing furin substrate sequence at its 3 ′ end with its stop codon deleted was constructed by blunt ligation of 2 PCR products derived from phosphorylated primers and the plasmid pGF (containing furin substrate sequence between the pro and active segments of gelatinase A) as template. This PCR product was then used as template for a subsequent PCR using sense primer 2415 (containing a Not I site for downstream ligation) (TCGAGCGGCCGCTACG-ATGGAGGCGCTAAT) and antisense primer 1452 ( GGTGAAAATTTCTAC -CTGTTTAAGAGCACGCTTCTGA-CG) to construct a second full-length progelatinase A PCR product containing a Not I site at the 5 ′ end and furin substrate at its 3 ′ end plus 5 ′ RNase H sequence. The antisense primer 1452 contained 15 bases of the 5 ′ end of bacterial RNase H, including the Apo I site. This primer also replaces Met with an Ala codon in the RNase H sequence because furin does not process its substrate with a hydrophobic aliphatic amino acid (12) . Primer 1452 also contained 24 bases of the 3 ′ end of furin substrate.
Second, similarly, bacterial RNase was amplified using sense primer 3503 (CTTAAACAGGTAGAAATTTTCA-CCG) and antisense primer 141 (TGC -AGCGGCCGCAATGTCGTAAAC C -AGAG) with the plasmid pOPRSVIRH (2) as template. Primer 141 contained Not I sites for downstream ligation.
The PCR products obtained in the steps above were then cut with Apo I and ligated to produce the full construct of GFR (Figure 1 ). Construct GFR was cut with Not I and ligated into dephosphorylated pOPRSVI (Stratagene, La Jolla, CA, USA) in both orientations to yield pGFR (right orientation) or pRFG (reverse orientation). The same strategy was used for constructing pGFR (Met) by replacing sequence ACG in position 25 of primer 1452 with CAT. Bacterial RNase H cDNA alone was also introduced into the plasmid to yield pOPRSVIRH (2) .
The plasmids were transfected into murine mesangial cells (MMC) using lipofection as previously described (2). Cells were selected for the transgene using 400 µ g/mL Geneticin ® (Life Technologies, Gaithersburg, MD, USA) for 2 weeks, plated and maintained in serum-free medium for 24 h. Conditioned medium was collected and spun to remove cell debris, and 0.02% (final concentration) Brij-35 and azide were added. Gelatinolytic activity, detection of RNase H activity in conditioned medium and reagents used in this study are described elsewhere (1-4) .
RNase H is an intracellular enzyme, and under normal circumstances, detectable RNase activity outside the cell is not expected. Consequently, any RNase H activity measured in conditioned medium implies secretion of RNase H and, in the case of the GFR construct, secretion of gelatinase A. When the GFR construct was prepared without changing Met to Ala at the start of the bacterial RNase H sequence just downstream of the furin sequence, we observed a high-molecular-weight band of gelatinolytic activity at about 85 kDa, suggesting that furin cleavage had not occurred and that the GFR product was unprocessed. However, RNase H activity was still evident under these circumstances (data not shown). Therefore, Met amino acid of the bacterial RNase H was replaced by an Ala amino acid. RNase H activity was present in a conditioned medium of cells transfected with the plasmid pGFR (1372 ± 116 [mean ± standard deviation; n = 3] disintegrations per minute [dpm]/50 000 cells) but not the control plasmid pRFG. When RNase H was transfected alone into cells using pOPRSVIRH, no RNase H activity was demonstrable in the conditioned medium. This confirms that the observed RNase H activity was caused by secretion and not simply a result of cell lysis upon processing with consequent release of endogenous transfected bacterial RNase H into the medium. To verify that the measured RNase H activity does not originate from an unprocessed GFR fusion protein, gelatinolytic activity was monitored in the conditioned medium. As shown in Figure 2 , enhanced activity in an approximately 68-kDa clearing band was observed in a conditioned medium of cells transfected with pGFR compared with pRFG. Because endogenous gelatinase A and the processed transgenic gelatinase A are both expected to migrate around 68 kDa, the enhanced activity in GFR-transfected cells suggests that the gelatinase A of the transgene was processed by furin. Also, there was no high-molecular-weight clearing band at 85 kDa in the GFR lane corresponding to the unprocessed GFR fusion protein, further indicating that the fusion protein was cleaved endogenously before secretion. Note that the 68-kDa activity corresponds to the activity of latent gelatinase A (4). Taken together, the RNase H and gelatinolytic activity profile in conditioned medium suggest that the GFR fusion protein was produced by MMC, processed intracellularly and secreted as two distinct proteins into the conditioned medium.
The expression plasmid described in this study allows monitoring of secretory proteins (such as progelatinase A) in conditioned medium with no need to lyse cells or further process the secretory gene of interest. It uses bacterial RNase H as a reporter gene. The assay for RNase H activity in the conditioned medium is easy to perform, highly BioTechniques 711 Conditioned medium was collected as described above, and 100 µ L were mixed with an equal volume of nonreducing loading buffer. Proteins were resolved on a 10% gel copolymerized with 0.2% gelatin. Gels were extracted with 2.5% Triton ® X-100 for 2 h to remove SDS, rinsed 3 times with distilled water and incubated overnight at 37°C. Gels were stained with Coomassie ® blue. Gelatinolytic activity appears as clearing bands (arrow). Note: (i)enhanced gelatinolytic activity migrating at ca. 68 kDa in GFR compared with RFG-transfected cells; (ii) no high molecular clearing band is observed in the GFR lane at ca. 85 kDa corresponding to the unprocessed GFR fusion protein, indicating that the fusion protein was cleaved endogenously before secretion. Molecular mass in kDa ( × 10 -3 ) is indicated on the left. sensitive, accurate and reproducible. With complete DNA sequences becoming available for various organisms, including those from the human genome project, increasing emphasis is being placed on determining the function of unknown genes. A fundamental prerequisite in assigning function is to establish whether a protein is secreted or remains inside the cell. This can now be readily accomplished by replacing gelatinase A in the GFR construct described above with the unknown gene to be characterized. One qualifying comment should be made. Secretory RNase H activity will also be observed in the case of plasma membrane proteins in which the C terminus is extracellular.
